The success of traditional email-based telementoring rests on the ability and inclination of students to maintain open channels of communication with mentors. Telementoring in learning environments (specifically, Knowledge Forum) may offer strategic advantages by making the day-to-day evolution of student investigations more accessible. This paper describes an experiment in which University of Toronto teacher candidates worked as Knowledge Forum telementors in four elementary school classrooms. Two reoccurring (and possibly related) problems were identified: 1) Teacher candidates had little previous experience with student-directed investigations and were unsure how to best support learners; and 2) Teacher candidate messages sometimes appeared to close down student threads. Despite these findings, teacher candidates reported that they found the experience of electronically mentoring a Knowledge Forum class to be professionally valuable.
INTRODUCTION
The rapid growth of the Internet offers exciting new possibilities for classroom learning. In recent years, it has become increasingly feasible to use email to forge electronic mentoring, or telementoring (Riel & Harasim, 1994) relationships between students and subject-matter experts outside the schools. In a typical telementoring scenario, adult volunteers use Internet technologies to provide guidance and information to school-based learners. To date, telementoring experiments have focused almost exclusively on the use of email as a communications medium (e.g., Bennett, 1997; Dimock, 1997; Ferneding-Lenert & Harris, 1994; Harris & Jones, 1999; O'Neill & Gomez, 1998; Sanchez & Harris, 1996) . The current research breaks with this tradition and investigates the possibility of situating telementoring discourse within the context of a computer-based learning environment.
The full potential of telementoring has yet to be realized. Research suggests that traditional mentor-mentee models require careful preparation and ongoing monitoring to prevent failure (Harris, O'Bryan, & Rotenberg, 1996; Mather, 1997; McGee & Boyd, 1995) . In studies by both Harris and Jones (1999) and O'Neill and Gomez (1998) , over one-third of the telementoring relationships were abandoned prematurely. Other studies report situations in which adult mentors wrote at a level that was too far above, or too far below, the abilities of the students that they were mentoring (Sanchez & Harris, 1996) . Breakdowns such as these are commonplace, and perhaps understandable. Mentors "are operating in a virtual communications vacuum" (Sanchez & Harris, 1998, p. 60) . The success of a telementoring relationship rests heavily on the ability and inclination of students to keep mentors informed about their goals, their discoveries, and the challenges they are facing. Many students, particularly those at the elementary level, have difficulties in this regard. It is an unfortunate reality that those learners who could most deeply benefit from a mentoring relationship are often the ones that have the most trouble carrying out and sustaining a productive series of email exchanges.
In conventional telementoring arrangements, students spend part of their time investigating a particular problem, and part of their time exchanging email with mentors. This system is inherently inefficient because it divides the students' attention. One way to bring these two worlds together is through the use of computer supported learning environments. Tools like Covis (Edelson, Pea, & Gomez, 1996) , Virtual University (Harasim, 1993) and Knowledge Forum (Bereiter, in press) allow students to work together in an electronic learning community. Within Knowledge Forum, for example, learners define research problems and then assist each other by contributing theories, discoveries, questions, and information to the on-line database. Providing telementors with electronic access to a Knowledge Forum database would enable them to follow, in detail, the evolution of student investigations. This would provide mentors with a deeper sense of the students' work than they would likely acquire through email exchanges alone. At the same time, it would reduce the need for students to keep mentors constantly apprised of developments. Students would instead conduct their investigations in their on-line learning environment, while mentors observe remotely and offer assistance as necessary.
The following study begins an exploration of the advantages and limitations of mentoring through Knowledge Forum. Knowledge Forum is a software package developed by Scardamalia and Bereiter (1994) to support educational activities that are organized around a research team metaphor. The software provides shared, graphical access to a collection of notes that are written, and progressively refined, by students ( Fig. 1) . At the beginning of a unit, students collectively develop a set of questions and record the more pressing queries in Knowledge Forum. These "problems of understanding" become the starting point for collaborative inquiry. The focus of subsequent Knowledge Forum activity is on generating theories, gathering information, synthesizing findings, and generally making progress on their problems. The goal of the learners is to advance both individual and group understanding of the subject matter. This intentional approach to learning is a departure from traditional school practices, which tend to be task-centered rather than knowledge-centered (Scardamalia & Bereiter, 1996) . • Two teacher candidates worked with a grade 5-6 class. Their overarching topic was "Astronomy of the Ancients" and it included a study of ancient civilizations such as the Egyptians and the Mayans.
•
Two teacher candidates worked with a grade 4 class in a study of Light energy. Their investigations were concerned with lenses, perception, colour, and the nature of light.
• Two teacher candidates worked on a Biology unit with a grade 3 class. The class focused on Life Cycles, Composting, Survival and Classification.
One teacher candidate worked with a class of grade 1 students who were in the middle of a Zoology unit. Their four areas of study were Animal adaptations, Life Cycles, Weirdos (imaginary animals that the students design) and Mealworms.
Before the telementoring trials began, the teacher candidates met face-to-face with the classroom teachers for an orientation session. The teachers introduced them to their respective classes, and the teacher candidates spent a few hours observing classroom routines and talking to students. This was the first of two classroom visits for the teacher candidates. During the next five weeks, the teacher candidates only interacted with the students through Knowledge Forum. Communication between teacher and teacher candidates occurred through email (although such interactions were rare). At the end of the telementoring period, the teacher candidates returned to the school for a final visit with the students and a debriefing session with the teacher.
The study was designed to focus on the experience of the teacher candidate telementor. The following research goals were established:
1. To determine the degree to which teacher candidates could glean, through their virtual visitations, an understanding of student-led Knowledge Forum investigations; 2. To identify difficulties experienced by the teacher candidates during their online interactions; 3. To explore teacher candidates' perceptions regarding the educational efficacy of knowledge building activities for elementary school students. 4. To explore teacher candidates' perceptions regarding the educational efficacy of telementoring as a professional development activity for teacher candidates.
The research methodology is a form of naturalistic inquiry, with interpretations based on qualitative analyses (Guba & Lincoln, 1983) . The data consist of teacher candidate interviews, written teacher candidate reports, two videotaped conversations between teachers and teacher candidates (lasting approximately an hour each), researcher field notes, and records of online mentor-mentee exchanges. Reoccurring themes in the transcripts were identified by two parties: the author of this paper and by a researcher who was not previously part of the telementoring experiment.
FINDINGS Research Goal 1: Telementoring through Virtual Visitations
The telementors had few difficulties following Knowledge Forum discourse and analyzing the progress that students were making in their investigations. The Knowledge Forum databases provided them with an extensive repository of student work. In fact, there may have been too much information. Since the teacher candidates were joining units that were already well established, they found themselves faced with a significant amount of reading at the beginning of the project.
TC3A (Teacher Candidate, Grade 3, Mentor A): "I must admit that I was overwhelmed by the vast 'web of knowledge' that the students had created online: I didn't really know where to begin."
Rarely did the teacher candidates have problems understanding what the students were trying to accomplish in their investigations. On those occasions where clarification was necessary, the problem was often one in which a student made indirect reference to a recent classroom activity (i.e., an activity that the telementor was not familiar with). For example, in the following Knowledge Forum exchange, a student wrote the following message about a seed planting activity:
"We are planting seeds (survival classiffication) and we water them every day I think we should water them more often."
The Teacher Candidate requested additional information:
"I was just wondering if you are planting different kinds of seeds? Are all of the seeds being planted in the compost from your classroom experiment?"
Her message received no response. Later, the teacher candidate reflected on the incident: "I placed a comment where it really shouldn't have been placed, although at the time it seemed like there was a connection <between the seed planting and the compost activity>." This exchange perhaps points to a need for greater communication between the teacher and the telementors. However, these sorts of incidents were relatively rare, and in general, the teacher candidates experienced few difficulties following the work of the students in the Knowledge Forum.
Research Goal 2: Identifying Teacher Candidate Difficulties.

Concerns about Appropriate Telementoring Models
During the teacher candidates' first visit to the school, each of the teachers invited their respective classes to discuss the role that the telementors should play. In the grade 4 class and the grade 5-6 class, the students were quite insistent that the telementors not take on traditional telementoring roles.
TC4A: "Students specifically requested that I NOT act as an expert."
TC4B: "These students seem to have a need to be in control of their learning, and an outsider such as myself coming into the database and making statements about their work which imply that I know more than they would not go over well."
TC56A: "Some of the suggestions that the students had were that the mentors should not ask 'teacher questions'."
TC56A: "If the students are to have ownership of their learning, they must have the final say as to what they want to get out of their mentor."
The teacher candidates, in consultation with the four teachers, decided to adopt a Co-learner model of mentormentee interaction. Rather than acting as content experts, they would instead act as co-investigators. This approach met with mixed success. A few of the teacher candidates felt comfortable with the model and stated that both the mentors and mentees learned from each other:
TC3A: "The students were often teaching me!"
TC4A: "The students to whom I served as telementor were in many ways mentors to me, providing me with insights in a subject area I was not very knowledgeable about (Light energy)."
In fact, in some cases, the students actively challenged the telementors. For example, one telementor wrote the following Knowledge Forum note:
"Guys, I just came from the Light Frequency view and they were mentioning stuff about infrared vision, which is a way to see things based on heat sources. It led me to wonder about animals that come out at night. They are NOCTURNAL (night-time) animals. I was wondering how their eyes differ from human eyes. Donna did a nice job of informing us about rods and cones but I was REALLY curious to know how they work differently at night. What I want to really know is, can we see colours at night? If not, then why?"
This message attracted the following two student challenges:
Student 1: "The theory could be true that most nocternal animals don't need to see in the dark" <e.g., bats>
Student 2: "It is possible to see colours <at night> like blue from the lights of a plane, or white from the stars. I think it's pretty simple."
This exchange illustrates how the students challenged two of the assumptions that the teacher candidate made in his note. To what extent do nocturnal animals really require unusual eyesight for nighttime navigation? And why is it possible to discern the colours of some things at night, but not others? The teacher candidate was surprised to find that the students' responses prompted him to reflect on his own understanding of these concepts.
The Co-learner model turned out to be, in some respects, more of an ideal than a reality. Most of the telementor notes were peppered with questions for students to answer. Despite an intellectual commitment to Co-learner practices, many telementor notes seemed to be written in the teacher register, a fact that one of the teacher candidates recognized in her own writing:
TC3A: "I attempted to avoid too much 'teacher talk' but inevitably it slipped in."
In general, the teacher candidates discovered that the conventional instructional techniques that they had developed during practicum had limited applicability to situations where learners were afforded unusually high levels of agency. The Co-learner metaphor was a useful one in many respects, but not all teacher candidates found it to be particularly intuitive.
Concerns about Lack of Responses
The teacher candidates reported that they were often frustrated by the long turn-around time in their communications with students. In some cases, students did not respond to their notes at all. This problem was particularly pronounced in the grade 1 class, where none of the teacher candidates' comments elicited responses. The grade 1 teacher candidate attributed this problem to the age of the children and their relative inexperience with reading and writing:
TC1: "The lack of fluency in reading and writing may be another reason they lack the security to communicate with a 'strange' person via Knowledge Forum."
In the three older classes, telementor notes inspired student responses approximately 25% of the time. The teacher candidates were discouraged by the relative lack of discourse, and they were concerned that they were doing something wrong.
TC56B: "It seemed that my contribution to the forum put an end to what was being investigated."
TC56A: "It can get fairly discouraging to have no replies to your messages and this causes doubt in your approach."
The teacher candidates developed a number of theories to explain why only some of their notes elicited responses. Often, they placed the blame on themselves.
TC3A: "The biggest challenge was to get a response from the students after building on their comment; this could be attributed to a number of reasons, including improper wording of a build-on on my part, incorrect response to the students' note, and lack of trust built up…. This note <referring to one of her contributions> didn't get a response at all… perhaps it's too teacher-like."
TC56B: "In another vein, it seems likely that the students simply did not feel comfortable enough to form a dialogue with their telementors"
The problem, however, may not be unique to teacher candidates. Before the telementoring session began, two of the classroom teachers warned the teacher candidates that adult notes -even notes from the teacher --often bring threads to a halt.
TC56A: "She (the teacher) told us that she had unintentionally halted some threads when building on the student's comments…. Another warning that she gave was not to come across as an authority on the matter at hand, since the students will simply take your answer as the ultimate truth" TC4B: "<The teacher> has stated on more than one occasion that as soon as he posts a note or build-on with respect to students' work, the inquiry on that subject seems to die."
The reason for the low levels of student response is unclear. Curiously, no one entertained the possibility that students may have been unaware of the telementor contributions. In several classes, the graphical views (e.g., Fig.  1 ) exceeded 40 note icons. In such circumstances, it would not be surprising if a note directed at a particular person went unnoticed by that individual. Further research is required to determine why mentor contributions sometimes cause threads to end abruptly, and to explore possible ways of rectifying the problem.
Research Goal 3: Teacher Candidates' Reactions to Knowledge Forum Pedagogies
The teacher candidates were impressed by the degree of agency that students were afforded in the classroom. They felt that the Knowledge Forum approach was much more student-centered than anything they experienced during their practice teaching sessions. All expressed interest in this form of learning.
TC56A: "I am starting to understand that… the acquisition of rote knowledge is secondary to the development of theories and the ability to test theories and ask the right questions of other people's theories…. I must <as a classroom teacher> create an atmosphere in the classroom that allows students to take risks and not be afraid of making mistakes" TC4B: "these students were learning how to be life long learners as opposed to developing a life long need for teachers" TC1: "Knowledge Forum isn't about teaching Science, or teaching Math, or teaching any subject at all. It's about teaching kids how to become good learners… most often I would be amazed at the type of thinking that would be encouraged in this classroom"
Many of the responses from teacher candidates suggest that the telementoring experience may have affected their pedagogical beliefs. One teacher candidate (the one in the grade 1 classroom) claimed that the experience changed the way that she interacts with her own children.
TC1: "<My> dialogue with my own two daughters <aged 8 and 9> changed as a result of this exposure…. We have adopted an open-forum type of attitude at home where questions, theories, ideas, opinion whether right or wrong are welcome in discussions…"
If this kind of experience can indeed transform teacher candidate beliefs about thinking and learning, then there may be potential for making telementoring a more central part of a teacher education program. Since Knowledge Forum preserves a record of interaction, mentor-mentee discourse could theoretically be extracted and made a subject of analysis in pre-service classes. This would provide tremendous opportunities to link educational practice to educational theory.
Research Goal 4: Teacher Candidates' Perceptions of Telementoring for Professional Development
The teacher candidates' response to the telementoring experiment was a positive one. They expressed uncertainty regarding the degree to which they had supported the students in their investigations, but they felt that they had developed professionally as a result of their online experiences.
TC3B: "The experience of telementoring has been very helpful…. I believe the experience is an excellent one for the telementors."
TC3A: "The only regret is that the <telementoring period> wasn't longer" TC4B" "My experiences telementoring have enriched my thoughts and ideas… and have made me more excited about my future as an educator" TC1: "I believe it <telementoring> would be beneficial to student teachers since they would be exposed to this technically innovative method of teaching and learning…. Overall, I think it was I who benefited the most from this experience"
All recommended that telementoring be made a permanent part of the teacher education program.
CONCLUSIONS
Analyses of mentor-mentee discourse and teacher candidate interviews suggests that learning environments such as Knowledge Forum offer a promising alternative to traditional email-based telementoring. While the ubiquity of email makes it an attractive technology for telementoring applications, the rich contextual information provide by Knowledge Forum notes may help fill the "communications vacuum" (Sanchez & Harris, 1998, p. 60 ) that often separates mentor from mentee. This trial of Knowledge Forum telementoring provides support for that hypothesis, but suggests that several issues still need further investigation:
1. There is a need to develop and refine effective models of telementoring in Knowledge Forum classrooms. The teacher candidates who participated in this activity had worked in more structured classrooms during their practice teaching sessions, and they were unsure how to best support students in Knowledge Forum. The Co-learner model offers some promise. However, this model needs to be fleshed out and made part of a telementoring preparation program.
2. The relatively low levels of student responses raise concerns. It may have been caused by the content of the telementors' messages, by student reluctance to interact with outsiders, by the complexity of the Knowledge Forum views, or by a combination of these factors. A deeper analysis of student behavior is required to determine the source of this problem and to identify possible solutions. The problem was particularly acute in the grade 1 class, and telementoring may not prove to be worthwhile at the primary level.
In email-based telementoring, a key problem has been one of ensuring that mentors have access to information about student investigations. The current study suggests that this problem can be finessed using virtual visitations on Knowledge Forum. As a professional development activity, telementoring in Knowledge Forum classrooms offers a means of exposing teacher candidates to alternative, constructivist teaching methodologies. Future research will focus on developing and refining new mentoring models --models that will hopefully yield even richer online discourse.
